Gastro-oesophageal reflux is common in preterm infants, but the role of gastric emptying as a causal factor has not been studied before. Gastric emptying was therefore measured in 19 healthy preterm infants (median gestational age 32 weeks) while concurrently measuring 24 hour lower oesophageal pH, using an antimony pH electrode, positioned manometrically. Real time ultrasonic images of the gastric antrum were obtained, and measurements of antral cross-sectional area (ACSA) were made immediately before a nasogastric feed and then during subsequent gastric emptying until ACSA returned to its pre-feed value. Half emptying time (50%/o A ACSA) was calculated as the time taken for the ACSA to fall to half the maximal postprandial increment.
therefore measured in 19 healthy preterm infants (median gestational age 32 weeks) while concurrently measuring 24 hour lower oesophageal pH, using an antimony pH electrode, positioned manometrically. Real time ultrasonic images of the gastric antrum were obtained, and measurements of antral cross-sectional area (ACSA) were made immediately before a nasogastric feed and then during subsequent gastric emptying until ACSA returned to its pre-feed value. Half emptying time (50%/o A ACSA) was calculated as the time taken for the ACSA to fall to half the maximal postprandial increment.
Mean (SEM) reflux index for the group was 11.9(2.0)%; number ofreflux episodes per 24 hours: 15.4 (1.7); and number of reflux episodes longer than five minutes 5.5 (0.8). Average half emptying times for an individual infant were: median (range) 46 (18-105) minutes. There was no assocation between gastric emptying rates and any of the indices of gastro-oesophageal reflux, either during the entire 24 hour period for which the lower oesophageal pH was recorded, or in the postprandial periods after the feeds which were studied ultrasonically. Gastro-oesophageal reflux was also unrelated to feed volume and feed type.
Asymptomatic gastro-oesophageal reflux is common in preterm infants, but gastric emptying time is not a determinant of it. Inappropriate relaxation of the lower oesophageal sphincter or abnormal oesophageal motility offer more plausible explanations. Gastro-oesophageal reflux is common in preterm infants' and may cause apnoea,' aspiration pneumonia,2 and chronic lung disease.3 Despite its associated morbidity, the determinants in this group of infants have not been clearly defined.
There are several potential determinants of gastro-oesophageal reflux: immature oesophageal peristalsis; reduced lower oesophageal sphincter pressure; inappropriate relaxation of the lower oesophageal sphincter and delayed gastric emptying. Newell et al4 showed that resting lower oesophageal sphincter pressure increases with maturity, but that there was no association between resting sphincter pressure and gastro-oesophageal reflux.
Previous studies examining the relation between delayed gastric emptying and gastrooesophageal reflux in adults and children have given equivocal results. Several groups have detected an association between delayed gastric emptying and gastro-oesophageal reflux in adults," while others have failed to do so. 8 9 Some studies have shown an association in infants and older children."'" Di Lorezo et al '4 failed to demonstrate any such association in children under 3 years of age. No study of neonates has shown a correlation.'4 '5 Jolley et al examined gastric emptying of clear fluids in infants and children and failed to demonstrate an association between rate of emptying and reflux.'6 To our knowledge, a combined study of gastric emptying and gastro-oesophageal reflux in preterm infants has not been undertaken, probably because of previous methodological constraints.
Recent work in our department has confirmed that both prolonged lower oesophageal pH monitoring, using an antimony crystal electrode, and measurement of gastric emptying are now feasible in low birthweight neonates. ' 17 18 Using these novel techniques, we have recently shown that gastrooesophageal reflux is common ' and that feed type has a major impact on gastric emptying in this group of patients.'8 However, the association between gastro-oesophageal reflux and delayed gastric emptying remains uncertain. We therefore carried out a study in which we measured gastric emptying and gastrooesophageal reflux in a group of healthy preterm infants. The aim of the study was to evaluate the role of gastric emptying as a determinant of gastro-oesophageal reflux.
Methods
The study was ASSESSMENT OF GASTRIC EMPTYING Gastric emptying was estimated using a previously described ultrasonic method. '7 18 The method uses gastric antral transit as a proxy for gastric emptying, and measures ultrasonically, the changes in the cross-sectional area of the gastric antrum which occur during instillation and following a feed.
Real time ultrasonic images of the same longitudinal section of the gastric antrum were obtained with the infant in the right lateral position, using the vertebral bodies and the aorta, at the level of the superior mesenteric artery, as constant anatomical landmarks. A Hewlett Packard ultrasound imaging system (model 77020A) with a 5 MHZ sector scanning probe (model 2121OAO), held perpendicular to the anterior abdominal wall, just below the xiphisternum, produced satisfactory images during all studies. The ACSA was measured using a steerable cursor and integral software.
The stomach was aspirated before a feed to remove residual air or milk. ACSA was measured before the feed, as soon as the feed was completed, and sequentially at roughly 10 minute intervals until it returned to its pre-feed value. We defined half emptying time (50% A ACSA) as the time taken for ACSA to fall by half of the maximal change seen during gastric filling. All scans and measurements were performed by the same investigator (AKE).
ASSESSMENT OF GASTRO-OESOPHAGEAL REFLUX
A well validated intra-oesophageal pH monitoring system utilising an monocrystalline antimony pH electrode was used over a 24 A reflux episode was defined as a lower oesophageal pH of < 4.0 for 15 seconds or longer. Reflux index was defined as the percentage of study time during which lower oesophageal pH was < 4.0. The number of reflux episodes and the number of reflux episodes greater than five minutes were also recorded. Calibration of the pH electrode was performed before and after each study using standard buffer solutions of pH 1.0 and 7.0 (Synectics Medical Ltd). No drift was noted.
Informed parental consent was obtained in each case and the protocol was approved by the local research ethical committee.
Correlation coefficients r were calculated to define the association between gastric emptying rates and individual reflux indices.
Results

GASTRIC EMPTIYING
The ultrasonic technique was well tolerated. No infant vomited or appeared distressed during the studies. Two feeds were studied in each infant, making a total of 38 recordings. Only one infant received different milk types during the two gastric emptying studies and all others received the same milk. The median half emptying times (50% A ACSA) for all gastric emptying studies (n=38) was 44 minutes (range 15-114). Taking the mean value for the two studies performed on an individual (n= 19), the median was 46 minutes (range 18.5-105). The mean (SEM) difference between half emptying times of feeds within an individual baby was 17 (3.6) minutes. There was a slight trend towards faster gastric emptying with increasing postnatal age (Pearson correlation coefficient -0.6), Mean gastric half emptying times were longer and feed volumes greater for term formula than for preterm formula. The number of studies for term formula were 19; mean (SEM) half emptying time 64 (7. 1)minutes; feed volume 48 (3.0)ml. There were 16 studies for preterm formula; mean half emptying time 34 (4.9)minutes; feed volume 32 (2.7) ml. Only two infants received breast milk (number of studies=3) and mean half emptying times were 44 (4.7) minutes; feed volume 42 (1.7) ml.
GASTRO-OESOPHAGEAL REFLUX
The position of the lower oesophageal sphincter was detected in each infant using the manometric system. The umbilical catheter was adequate as a feeding tube and did not require replacement during any of the studies.
Gastro-oesophageal reflux was common: mean (SEM) reflux index was 11.9 (2.0)%; number of reflux episodes per 24 hours 15.4 (1.7); and number of reflux episodes longer than 5 minutes per 24 hours 5.5 (0.8). Only one infant, who had the highest reflux index (39.3%), had symptoms (small vomits) during the study period.
There was no correlation between gastric half emptying times and any of the indices of gastro-oesophageal reflux over 24 hours. Pearson correlation coefficients for average half emptying times and reflux index, number of reflux episodes, and reflux episodes longer than five minutes were 0.057, 0.02, and -0.01, respectively. As gastric emptying rates were measured for only two feeds during the 24 hours over which lower oesophageal pH was recorded, we performed an analysis of reflux indices for consecutive 30 minute intervals during each postprandial period after each of the study feeds. Postprandial period was defined as the time between administration of the study feed and administration of the next feed.
Gastro-oesophageal reflux was most common between 120 and 150 minutes after the feed (table 1), but there was no correlation between half emptying times and postprandial reflux. Pearson correlation coefficients for half emptying time of the feed and postprandial reflux index, number of reflux episodes, and number of episodes longer than five minutes were 0.15, 0.30, and 0.33, respectively. In eight infants the total postprandial reflux index was the same for each feed despite a difference in emptying rates between the two feeds. In five infants a higher postprandial reflux index was noted in the slower emptying feed compared with the more rapidly emptying feed.
There was no correlation between feed volume and reflux index (Pearson correlation coefficient = 0.05), and no difference between postprandial reflux index for preterm and term formula. The postprandial reflux index following the three breast milk feeds was zero in each case. But the small number of breast milk feeds studied (three) prevents any meaningful conclusion from being drawn. Moreover, the reflux index for the 24 hour study period in the one patient who received breast milk only was I 1.1 % (table 2). There was no clear correlation between reflux index and postnatal age (Pearson correlation coefficient 0.37).
Discussion
Our data confirm that gastro-oesophageal reflux is common in preterm infants. It is considered a potent cause of apnoea in this group and may contribute to chronic lung disease through recurrent aspiration of milk. Symptoms of reflux may also delay or prevent successful enteral feeds and this in turn may have adverse effects on growth and subsequent neurodevelopmental outcome."9 The investigation of any potential determinants of gastrooesophageal reflux in this group, therefore, has important implications for the management of these infants.
An association between significant gastrooesophageal reflux and delayed gastric emptying has been described in some adults and older children; other studies, however, have failed to show any correlation. Although there is some evidence that delayed gastric emptying may be a precipitating factor in gastrooesophageal reflux in adults, the evidence in children, particularly infants, is much less clear.
Our data show that although gastric emptying rates are very variable in this group, depending on feed type and volume, slower emptying does not predispose to increased 
